
Preparation of Flakes The present invention relates to a process for the
preparation of cereal flakes. 5 The traditional manufacture of cereal
flakes by extru- sion comprises the following steps: 1)  The mixture of
cereal flours and other ingredients 10           is introduced in the
extruder-cooker. Under the combined effect of the temperature and pressure,
the mixture becomes thermoplastic. 2)  The mixture is extruded through
circular orifices 15            where the dough undergoes an expansion
caused by the sudden pressure drop and consequent vapouri- sation of the
water and a rotary knife cuts the dough into spherical grains about the
size of a small pea. At this stage, the grains contain about 20
16% moisture. 3)  The grains are transported to two grinding rollers which
flatten the grains to their well-known flake shape. 25 4)  The flakes may
then optionally be sprinkled with an appropriate solution (flavours,
sugars, salt, oil, water, gums etc.) before roasting in an oven e.g. gas,
electric in which the temperature diminishes 30            progressively.
The residual moisture content is from 1-3%. We have devised a different
method where the mixture of cereal flours is extruded through a flat
slit-like ori- 35       fice to give a strand which method involves control
of density by stretching and provides two important advan- tages:    -2- 



a)   Stretching controls the density and preserves the flaky layered,
crumbly texture of the strand. If a similar density is obtained by flaking,
the texture becomes too hard and abrasive. 5 b)   The moisture content of
the flakes immediately after formation is about half that of the tradi-
tional method and the drying can therefore be car- ried out in a reduced
time. 10 Accordingly, the present invention provides a process for the
preparation of cereal flakes which comprises extruding a dough at an
elevated temperature from an extruder-cooker through a thin flat, slit-like
orifice 15       to form an expanded and puffed strand which is stretched
until the density is from 75 to 200 g/litre to achieve the desired flaky
crumbly texture then cut into the fi- nal individual flakes which are
finally roasted. 20       The process of the invention is applicable to any
kind of dough suitable for expansion by extrusion cooking either for sweet
or for savoury products. The ingre- dients of the dough may be premixed,
for example, in a screw-mixer and the premix then introduced into a hop- 25
per. The dough premix may be fed into the extruder- cooker at a flow rate
e.g. from 10 to 100 kg/hr., which is controllable, for instance, by means
of a screw at the base of the hopper. Water can be added to the mix- ture
usually in an amount of less than 5% by weight ei- 30       ther in the
hopper or in the extruder-cooker and, if desired, materials such as
vegetable oil or a sugar sy- rup may be added at the opening of the
extruder-cooker to modify the degree of expansion. Advantageously, steam
may be injected instead of, or partly in place of, the 35       water. This
boosting with steam aids the cooking, builds up the pressure and can
increase the capacity by up to 50%. 



- 3 - The dough becomes thermoplastic in the extruder-cooker and is
extruded through at least one slit like orifice. There may be several
orifices e.g. from 2 to 20 and each orifice may conveniently have a depth
of from 0.1 to 1 5        mm and a breadth of from 5 mm up to the breadth
of the extruder e.g. from 80 to 100 mm. Generally, the depth of the orifice
is from 0.25 to 0.75 mm. The breadth of the orifice depends on the desired
width of the strand. For instance, a breadth of from 10 to 20 mm is
suitable when 10       the strand is to be cut only transversely to form
the flakes. However, if desired, the breadth may be up to 100 mm whereupon
the strands are cut, preferably by pun- ching or stamping, both
longitudinally and transversely to form the flakes. The speed of the
strands of dough 15      leaving the extrusion nozzle is usually from about
10 to 25 metres per minute. After extrusion, the expanded and puffed strand
of dough is stretched to reduce the expansion to achieve the de- 20
sired density of the flakes, which is preferably from 80 to 160 g/litre and
especially from 100 to 125 g/litre before being cut. The stretching of the
expanded and puffed strand of 25      dough leaving the extruder is carried
out by increasing the speed of the strand, usually from about 1.25 to 2.
fold and is preferably carried out with a minimum of compression.
Generally, after extrusion, the expanded and puffed strand of dough is
transferred to any kind of 30       means which serves to support the
strand and prevents it falling under its own weight, such as a conveyor
belt or adjustable rollers etc. Usually, the distance from the extruder
orifice and the cutter is from 1 to 3 metres and preferably from 1.5 to
2.5. metres. Rollers are pre- 



35       ferred to a conveyor belt as a supporting means because they can
be more readily cleaned and cooled to prevent sticking of the hot extruded
strand to the supporting means. When a conveyor belt is used to support the
-4- strand, it is possible that, by choosing the appropriate speed, the
conveyor belt may stretch the  strand to the appropriate density. However,
the stretching is prefer- ably carried out by the cutting means or by
introducing 5        the expanded and puffed strand of dough between the
nip of a pair of stretching rollers rotating at a speed which will increase
the speed of the strand to a speed greater than that at which the dough is
extruded to exert a traction on the dough. The gap between the rol- 10
lers should be small enough to enable the dough to be stretched but not so
small that substantial compression of the dough takes place. It is also
feasible that some stretching may be carried out by the conveyor belt and
some by the pair of stretching rollers. Typically, the 15       strands are
transported from the extruder to the cutting means at a speed of from 15 to
50, preferably from 20 to 40 and especially from 25 to 35 metres per
minute. The cutting is carried out when the desired flaky crum- 20
bly texture is achieved and various cutting means may be employed. For
instance, it is possible for the pair of stretching rollers to carry out
the cutting by the pro- vision of cogs or cutting edges. It is also
possible for one cogged roller positioned above a conveyor belt to 25
stretch and cut the dough, in which case it is necessary to determine the
appropriate distance of the cogged rol- ler from the extrusion nozzle
and/or the appropriate temperature of the strand to ensure the right degree
of brittleness. However, advantageously, the strands of 



30       dough pass through the nip of a pair of cutting rollers at least
one of which is provided with cogs. Since a small degree of compression of
the strands does occur as they pass between the stretching rollers,
advantageously the speed of the cutting rollers is about 10% higher 35
than that of the stretching rollers to compensate for the elongation
produced by this compression.    Extruded strands which have a  width equal
to that of the final flakes only need to be cut transversely while strands
that are wider than the normal width of a cereal flake may be cut both in a
longitudinal and a transverse 5        direction to the desired size, e.g.
by two pairs of cut- ting rollers which punch or stamp the strands
longitudi- nally and transversely consecutively, or by a single cutting
means with the appropriate cutting profile, for instance, a pair of
cooperating  rollers the surface of 10       one of which is alveolar, to
produce flakes of the de- sired shape and size. Since the hot extruded
strand can heat up the cutting rollers, it is important to provide cooling
means to 15       keep the temperature of the rollers below 60 to prevent
sticking of the flakes to the rollers. The pressure required to cut a
strand is usually from 50 to 150 kg/cm. The moisture content of the flakes
at the 20       cutting stage is usually from 5 to 10%, preferably from 6
to 9% by weight. The cut flakes may then be roasted to a moisture content
of from 1 to 4%, preferably from 2 to 3% by weight. 25 Conveniently, the
roasting is carried out by any con- ventional. means, for example, in an
electric, gas or jet-zone oven with an oven temperature from 120C to 170C
for from 5 to 7 minutes. Afterwards, the flakes 



30       may be cooled, for instance in a fluidised bed. The thickness of
the cereal flakes is usually from 0.5 to 2.5 mm, more usually from 1 to 2
mm. 35                        An apparatus which may be used for the
preparation of cereal flakes        comprises an extruder- cooker having at
least one thin, flat, slit-like ori- fice, means for stretching strands of
dough extruded    -6- from the extruder-cooker, a cutting means to cut the
stretched strands into flakes and a means for roasting the flakes. 5
The stretching means should be capable of achieving a density of from 75 to
200 g/litre, usually by increasing the speed of the strand leaving the
extruder by from about 1.25 to 2- fold. The stretching means may be a pair
of stretching rollers positioned downstream of the 10       orifice of the
extruder-cooker adapted to allow the strands to pass through the nip and
adapted to rotate at a speed sufficient to stretch the strands
appropriately. There may also be provided means which serves to support 15
the strands of dough extruded from the extrusion cooker, for instance, a
conveyor belt or one or more adjustable rollers. The cutting means may be a
pair of cutting rollers adap- 20       ted to allow the stretched strands
of dough to pass through the nip and to cut the stretched strands by means
of cogs or cutting edges on at least one of the pair of cutting rollers. 25
When the extruded strands have a width equal to that of the final flake,
the cutting means is adapted to cut them transversely to the desired length
of the final flake. However, when the extruded strands have a width greater
than that of the final flake, a separate cutting 



30       means may cut the strands longitudinally. Advantageously a single
cutting means with the appropriate cutting pro- file may be provided to cut
the strands both longitudi- nally and transversely e.g. by punching or
stamping, to produce flakes of the desired shape e.g. a pair of coope- 35
rating rollers one of which is provided with alveoli having cutting edges
of the required shape. In addition, when the extruded strands have a width
greater than that of the final flake it is also possible that the cutting
-7- means alone may serve to stretch the strands rendering the use of
stretching rollers unnecessary. In this case, the cutting means
advantageously comprises a pair of cooperating cutting rollers one of which
is provided 5        with alveoli having cutting edges of the required
shape but which are offset by means of the cutting edges adap- ted to cut
the strands transversely being offset rela- tive to similar cutting edges
of laterally adjacent al- veoli. This ensures that the whole width of a
strand is 10       not cut transversely at any one time, in which case a
part of the strand is being stretched while another part is being cut
transversely. There may also be provided cooling means to keep the 15
temperature of the cutting rollers below [err] to prevent the flakes
sticking to the rollers. Such cooling means may be, for instance provided
by cold water. As a pre- cautionary measure in case any flakes stick to the
rol- lers there is provided a means for removing such flakes 20       from
the rollers e.g. a jet of air trained in a tangen- tial direction on to the
surface of the rollers or a brush or scraper or an air blowing device e.g.
by means of nozzles. 25       The means for roasting the flakes may be
conventional, 



for example an electric, gas or jet-zone oven. The invention will now be
further illustrated by means of the accompanying drawings in which 30
Figure 1  represents a diagrammatic side view of a suitable apparatus where
two strands are ex- truded, Figure 2  represents a perspective view of part
of the 35                 apparatus shown in Figure 1, Figure 3  represents
a perspective view of part of an apparatus where sixteen strands are
extruded and    -8- Figures 4 and 5     represent perspective  views of
cutting rollers the surfaces of which have a cutting profile shaped to cut
the strands both transversely 5                   and longitudinally into
the desired shape. Referring to Figures 1 and 2 of the drawings, the appa-
ratus comprises a hopper (10), an extruder-cooker (11) with two screws
(12,13), an exit nozzle (14) provided 10       with two slit-like orifices
(15,16) each having dimen- sions of 0.5 mm x 90 mm for extruding strands of
dough (17), a pair of stretching rollers (18,19), a first pair of cutting
rollers (20,21) situated 2 metres from the orifices (15,16) provided with
grooves (22) whose edges 15  are adapted to cut each strand longitudinally
into six strands, each of 15 mm breadth, a pair of cutting rol- lers
(23,24) roller (23) being provided with cogs (25) for cutting each strand
transversely into flakes (26) each flake having a length of about 15 mm and
a breadth 20       of about 15 mm, an electric oven (27) through which runs
conveyor belt (28), a fluidised bed (29) and a collec- 



ting container (30). In Figure 3, the extruder-cooker (11) has an exit
nozzle 25       (14) provided with sixteen slit-like orifices (31) ar-
ranged in a circle each having dimensions of 0.5 mm x 15 mm f or extruding
strands of dough (32), a pair of stret- ching rollers (33,34), a pair of
synchronising rollers (35,36) and a pair of cutting rollers (37,38) roller
30       (37) being provided with cogs (39) for cutting each strand into
flakes (40) each about 15 mm in length. Figure 4 represents the upper
roller (41) of a pair of cutting rollers, whose surface is provided with
alveoli 35       (42) whose cutting edges (43,44) are so positioned that
the alveoli form rows in both longitudinal and trans- versal directions,
for cutting the strands into flakes in one cutting operation.    -9- Figure
5 also represents the upper roller (45) of a pair of cutting rollers whose
surface is provided with alveo- li (46) with cutting edges (47,48) whereby
the cutting edges (48) are offset relative to the cutting edges (47) 5
of laterally adjacent alveoli. In operation, a premix was made from the
following ingre- dients: 10            Rice flour           -    58.7% Milk
powder 26%      -    11.8% Cocoa powder         -     4.5% Sugar
-    12.0% Malt extract         -    13.0% 15 Referring to Figures 1 and 2
this premix was fed to the hopper (10) and 0.8% syrup of malt was added.
The premix was fed to the extruder-cooker (11) through an adjus- table
screw feeder at the base of the hopper at a flow 



20       rate of 300 kg/hr. and the appropriate amount of water was added
directly into the extruder-cooker (11). The mixture in the extruder-cooker
became thermoplastic un- der the influence of the temperature and pressure
and was extruded through the orifices (15,16) as two strands 25       (17)
which expand and puff immediately upon extrusion into the atmosphere. At
the start-up of the process, an operator takes the strands which are
extruded at 20 m/min. and ensures that they travel side by side through the
nip between stretching rollers (18,19) rotating at such 30       a speed
that the speed of the strands is increased to 30 m/min. so that the strands
are stretched to achieve a density of 110 g/litre to give the desirable
flaky, crum- bly texture, then through the nip between the first pair of
cutting rollers (20,21) for longitudinal cutting by 35       the edges of
grooves (22) and then through the nip bet- ween the second pair of cutting
rollers (23,24) for transversal cutting by means of cogs (25) to give
flakes (26). For cutting through the flakes, the shafts of the    -10-
upper rollers (20) and (23) are pressed down with a force of 120 kg/cm by
means of a hydraulic piston (not shown). 5        Once the dough strands
have been initially guided through the nip of the rollers (18,19), they
continue to travel automatically from the extruder. The moisture content of
the flakes cut by the rollers (23,24) is 7 -8%. The flakes fall onto the
conveyor (28) where they 10       are transported through the electric oven
(27) for 4 minutes, the oven temperature being 130C. After leaving the
oven, the flakes pass to the fluidised bed (29) and then to the collecting
container (30). The final mois- ture content of the flakes is 2-3%. 



15 In the embodiment shown in Figure 3, the strands (32) which are extruded
at 15 m/min. are passed through the nip between stretching rollers (33,34)
rotating at such a speed that the speed of the strands is doubled thus 20
stretching the strands to achieve a density of 120 g/litre. The strands
then pass through the nip of synchronising rollers (35,36) and then through
the nip between cutting rollers (37,38) for transverse cutting to give
flakes (40) which are approximately square having sides about 25       15
mm long. The synchronising rollers (35,36) ensure that the cut- ting
rollers (37,38) rotate 10% faster than the stre- tching rollers (33,34) to
compensate for the elongation 30       produced by the small amount of
compression of the strands as they pass between the stretching rollers,
thus preventing the formation of waves in the strands. The flakes are then
roasted in a similar manner to that 35       described and illustrated in
Figures 1 and 2. In the embodiment shown in Figure 4, a similar process
-11- is carried out to that described in Figures 1 and 2 ex- cept that only
one pair of cutting rollers is used to punch or stamp the strand into
flakes instead of two pairs. 5 In the embodiment shown in Figure 5, a
similar process is carried out to that described in Figures 1 and 2 ex-
cept that only one pair of cutting rollers is used to punch or stamp the
strand into flakes and, in addition, 10       the stretching rollers are
eliminated. This is because the upper roller (45) has alveoli (46) with
cutting edges (48) which are offset so that when a part of a 



strand is punched or stamped transversely the adjacent part is stretched.
In this case, one or more supporting 15       rollers may be present to
support the strand between the extruder and the cutting rollers. In the
embodiments illustrated in Figures 4 and 5 the internal corners of the
alveoli 42,46 may be curved con- 20       cavely so that the cut flakes
have convex shaped corners. 25 30 35    12 Claims 1.   A process for the
preparation of cereal flakes which 5     comprises extruding a dough at an
elevated temperature from an extruder-cooker through a thin flat, slit-like
orifice to form an expanded and puffed strand which is stretched until the
density is from 75 to 200 g/litre to achieve and desired flaky, layered,
crumbly texture, then cut into the 10     final individual flakes which are
finally roasted. 2.   A process according to claim 1 characterised in that
the slit-like orifice has a depth from 0.25 to 0.75 mm and a breadth of
from 10 to 100 mm. 15 3.   A process according to claim 1 characterised in
that, after extrusion, the strand of dough is stretched until the density
is from 80 to 160 g/litre. 20     4.   A process according to claim 1
characterised in that the stretching of the strand of dough is carried out
by increasing the speed of the strand by from 1.2 to 2-fold. 5.   A
process  according  to  any  of  claims  1  to  3 25     characterised in
that the stretching of the strand of dough is carried out by introducing
the strand of dough between 



the nip of a pair of stretching rollers rotating at a speed which increases
the speed of the strand to a speed greater than that at which the dough is
extruded to exert a 30     traction on the dough. 6.   A  process
according  to  any  of  claims  1  to  3 characterised in that the
stretching of the strand of dough is carried out by the cutting means. 35
7.   A  process  according  to  any  of  claims  1  to  6 characterised in
that the strands of dough leave the    13 extruder nozzle at a speed of
from 10 to 25 metres/min. and are transported from the extruder to the
cutting means at a speed of from 15 to 50 metres per minute. 5     8.   A
process  according  to  any  of  claims  1 to  7. characterised in that the
cutting is carried out by passing the stretched strands of dough through
the nip of a pair of rollers at least one of which is provided with cogs or
cutting edges. 10 9.   A  process  according  to  any  of  claims  1  to  8
characterised in that the roasting of the flakes reduces the moisture
content to from 1 to 4%. 15     10.  A  process  according  to  any  of
claims  1  to  9 characterised in that the moisture content of the flakes
at the cutting stage is from 5 to 10%. 20 25 30 35    


